The way in which breeding families of laboratory-born marmosets used the space provided by their cages, and a small protruding 'veranda', was assessed in order to determine the popularity of the veranda as a form of environmental enrichment, and the extent to which the marmosets confined themselves to only part of the cage. The veranda was found to be of enduring interest to the marmosets whose occupancy of this space was an order of magnitude greater than the rest of the cage. The upper part of the cage was preferred to the bottom half. This preference was greater in larger cages and decreased when larger cages were temporarily reduced in size. It is unlikely, however, that the distribution of the occupancy of different parts of the cage resulted primarily from a fear of people in the holding room. The veranda, which was the most preferred place in the cage, was the nearest part of the cage to people in the room. Occupancy of the lower part of the cage increased when human observers sat on the floor, suggesting that some of the marmosets' behaviour comprised approaching, rather than avoiding, the observers, possibly for reasons of curiosity and social interaction.
Methods

Animals
This study used breeding families of common marmosets (Callithrix facchus) from the Medical Research Council marmoset breeding colony in Cambridge University. All animals were either born in this colony or had been purchased from accredited dealers within the UK.
Two types of family groups were examined:
(i) Families comprising one breeding pair and two 'juvenile' siblings i.e. aged 5-10 months and moving independently of their parents. Most families also contained a pair of 'infant' siblings, aged <5 months. The behaviour of 'infants' was not assessed in this study because their tendency to cling on to other animals made numerical assessment of these animals impossible. Six four-member families were available for study. These families were housed in four-module cages (see next section). (ii) Families comprising a breeding pair, two 'juvenile' siblings aged 5-10 months, two 'juvenile' siblings aged 10-15 months (and usually two 'infant' siblings aged <5 months whose behaviour was not assessed in this study). Six six-member families were available for study. These families were housed in six-module cages (see next section).
Offspring were of undetermined gender because, in our colony, marmosets are not routinely handled, numbered or tagged until they are separated from their parents when > 12 months old.
Cages
UK Home Office recommended cage sizes are: 0.55 m 2 floor space x 150 em high for a breeding pair plus one generation of offspring. 1.00 m 2 floor space x 150 em high for a family group of eight animals maximum. In addition the top of the cage must be a minimum of 180 em from the room floor. Cages used in our colony are of aluminium construction with solid sides and a mesh front [RS Biotech, Brook St, Alva, Clackmannanshire, Scotland Each cage module is 90 em high, 53 em deep and 63 em wide. Four of these modules can be clamped together, large partitions in the walls removed and the floor of the upper cage removed to provide a large cage measuring 180 em high, 53 em deep and 126 em wide. This size cage is used to house families comprising two parents and two offspring> 5 months of age i.e. 'independent' marmosets (together with two offspring <5 months of age i.e. 'carried' infants). Six modules can be clamped together to provide a cage suitable for two parents, and four offspring >5 months of age (together with 'carried infants'). The cage modules can be clamped together in any pattern but, in order to comply with Home Office regulations and for convenience, the modules were clamped together as (two-up: two-down) or as (three-up: three-down).
In a breeding colony it is considered essential to keep offspring with their parents at least until after the birth of the next offspring in order to allow the older offspring to share the burden of infant carrying and to learn the skills of family life (Sainsbury et 01. 1990) .We find that an age of 12-18 months is most suitable for our biomedical research, which requires young healthy adults, such that most of our marmosets remain in the family group until after the birth of two sets of younger siblings.
Each cage is provided with an aluminium nest box (17em high, 25 em wide and 17em deep) suspended from the ceiling in the top left hand corner of the cage; one wooden shelf positioned across the back of each cage module and another positioned across the left hand side of each cage modulej two fixed perches in each quadrant allowing access to the centre part of each cage modulej several tall wooden branches placed vertically on the cage .floor to allow easy climbing from the bottom to the top module, and various play items e.g. cardboard boxes, swings, rope ladders etc. suspended around the cage. Protmding from a window in the mesh of the front of the cage is a 'veranda' measuring 29 em high, 29 cm wide and 24 cm deep and comprising mesh walls and top with a metal tray floor filled with sawdust and forage mix. The veranda permits the marmosets to observe other marmosets in their verandas on the same side of the room and to gain a good vantage point around the whole room. Verandas have been in use in this colony for >2 years.
Cages are kept in rooms 7.3 m x 3.4 m or 8.1 m x 3.4m with a bank of cages on each long side, allowing visual contact between marmosets across a gap of about 2.5 m. The environment was maintained at 22± laC and 50% relative humidity. The lighting was artificial on a 12h day/night cycle with artificial dawn and dusk periods of dim lighting.
Methods of observing cage space occupation
The method of observation was not intended to provide a measure of the marmosets' 429 behaviour uninfluenced by the presence of humans. Rather it was intended to examine the behaviour of captive-bred, captive-living marmosets whose environment necessarily included people engaging in many behaviours in front of their cage many times each day. Furthermore, a specific aspect of cage use which was addressed in this project was the way in which marmosets used their cage space in response to the presence of humans. It was therefore appropriate to observe cage use directly rather than via a video or other indirect system, even though it is recognized that the presence of observers is likely to influence the behaviour of captive animals.
All observations of cage use were carried out by two people (AE and AF) with whom the marmosets were familiar. For each observation, AE and AF would stand about 1m to 1.5m in front of the cage and would record, every 30 s for 25 min, the number of marmosets which were in each module of the cage or in the veranda. This gave a total score of 200 for cages housing four marmosets (2 observations/min x 25 min x 4 animals = 200 total score) and 300 for cages housing six marmosets (2 observations/ min x 25 min x 6 animals =300 total score). The score for each module was then converted into a percentage of the total score so that comparisons could be made between cages with different numbers of occupants. This percentage score for each module, which was termed the 'occupancy-score' for that module, indicated the relative popularity of that module of the cage. Readings were taken at a convenient time of the day so as not to interfere with feeding or cage cleaning. Most readings were taken in the afternoon, i.e. between 12:00 and 16:00h. Watering, cage cleaning and feeding of pelleted diet (Mazuri Primate dietj Special Diets Services) took place before 11:00h and fresh food feeding (egg sandwiches and fresh fruit) took place after observations each day.
Readings were taken for the four-member families: (i) with verandas in place (with the observers standing in front of the cage); (ii) with verandas removed to assess the effect the veranda had on use of the rest of the cage (with the observers standing in front of the cages); and (iii) with the observers sitting on the floor rather than standing up to assess the effect of the position of the observers (with the verandas removed). For the six-member families readings were taken: (iv) with all the six-module cage space available (with the observers standing up and the verandas in position) and (v) with the six-module cage temporarily reduced to four modules, by removing one top module and the module below, in order to assess the effect of reducing cage space (with the observers standing up and the verandas in position). When the verandas were removed this was done immediately prior to the observation. Under these conditions, the occupancy of the cage module adjacent to the (removed) veranda could not be influenced by the animal actually going into the veranda but the psychological preference for the veranda area would be retained for a short while. Table 1 shows the 'occupancy-score' for the upper part of the main cage and for the veranda under each of the conditions listed.
Results and discussion
These scores are compared to the expected 'occupancy-score' which would have occurred if movement around the cage (including the veranda) had been random.
Popularity of verandas
The veranda was an extremely popular part of the cage space. It was used for short visits involving communicatory gestures (e.g. 'sliteyed stare', 'genital present', Stevenson & Poole 1976 ) and vocalizations (Epple 1968) directed either at marmosets in other cages or at the observers. It was also used for longer periods when marmosets sat in the veranda, usually with other marmosets, and usually looking out into the room rather than back into their cage. For the four-module cages, the 'occupancy-score' for the veranda was 13.2% (±1.6% SEMI. This was significantly greater than 1.6% which would be expected on the basis of the volume of the veranda relative to the whole four-module cage space (one sample t-test, t = 7.1353, 5 df, P < 0.001).
For the six-module cages, the 'occupancyscore' for the veranda was 18.4% (±2.0% SEM). This was significantly greater than 1.1% which would be expected on the basis of volume for these larger cages (one sample t-test, t = 8.8603, 5 df, P < 0.001). When the six-module cages were reduced to four-module cages, the veranda 'occupancy-score' was 13.4% (±1.8% SEM). This was significantly greater than expected (one sample t-test, t=6.5474, 5 df, P<O.Ol). The veranda was, therefore, > 10 times more popular than would be predicted from its volume alone. This indicates that the marmosets used the veranda as a preferable place to be rather than merely as a means of expanding their total cage space. The verandas had been in position for >2 years before these observations were taken. The veranda therefore had lasting attraction rather than just the 'novelty appeal' which many other attempts at environmental enrichment in the form of toys and gadgets seem to have (Poole 1990) .
Occupancy of modules of the main cage space
The 'occupancy-score' for the combined two or three upper modules (of the four-and sixmodule cages respective) were compared to the 50% occupancy expected on the basis of volume alone, in order to assess whether the marmosets preferred the upper portion of the cage. The mean 'occupancy-score' for the upper portion of four-module cages was 61.0% (±3.3% SEM). This was greater than 50% (one sample t-test, t = 3.3840, 5 df, P < 0.05). The 'occupancy-score' for the upper portion of the six-module cage was 72.2 % 1±2.5% SEM). This was also significantly greater than 50% (one sample t-test, t=8.901, 5 df, P<O.OOl). The 'occupancyscore' for the upper portion was greater for the six-module than the four-module cages (unmatched t-test, t = 2.7270, 10 dt P < 0.05).
It might be supposed that the marmosets have a preference for the upper portion, and a preference for running, and, in order to fulfil both these requirements, the marmosets will prefer to use the upper part of the cage, but will use the lower part if the upper part is not big enough for them to do as much running as they want to. To test this, we temporarily reduced the size of the six-module cages to four-module cages. The 'occupancy-score' for 431 the upper portion fell to 64.9% (±0.8% SEMI. This was still greater than 50% (one sample t-test, t = 17.961, 5 dt P < 0.00l) but represented a significant fall in upper occupancyscore (matched pairs t-test, t = 2.9779, 5 df, P < 0.05). This supports the view that cage occupancy is a 'trade-off' between height from the ground and available running distance. Wild-born marmosets occupy an arboreal habitat and may never visit the forest floor. Their main habit of locomotion is probably to run horizontally along branches rather than to climb up (and down) branches since this is slower and requires more energy expenditure. Although height is of great importance in cage design, width is also important and we do not wholly favour the 'sentry box' style of caging which has been used elsewhere [Plant & Burt 1983) .
The most popular single module was the module to which the veranda was attached. For the four-module cages, the 'occupancy-score' for this module was 38.5 % (±3.2 % SEM). This was more popular than the 25 % predicted in the basis of volume alone (one sample t-test, t=4.2039, 5 dt P<O.Ol). For the six-module cages, the 'occupancy-score' for the module to which the veranda was attached, was 36.9% (±6.l % SEM).This was more popular than the 16.7% predicted in the basis of volume alone lone sample t-test, t = 8.1311,5 'df, P < 0.001). This preference could occur merely because marmosets would be in that module on their way into, and out of, the veranda. Alternatively, this module could have acquired intrinsic value to the marmosets because of its proximity to the veranda. To distinguish between these alternatives, the verandas were removed from the four-module cages and another set of readings was taken. The preference for the module from which the veranda had been removed was then 40.9% (±5.9% SEM). This was greater than expected on the basis of volume (one sample t-test, t = 2.7161, 5 df, P < 0.05). This suggests that the veranda had become a kind of 'home base' for the marmosets and determined their positional preferences throughout the cage. This observation also suggests that it is possible to use an animal's position to determine its 'likes' and 'dislikes' as well as to measure its overt behaviour.
Distance from observers
Although a marmoset's preference for the upper portion of the cage could be construed las the Home Office recommendations imply) as resulting from fear of being below a threatening person, it is also possible that the preference results from an attraction towards the face of the observers in order to interact with the observers. It was noted that eye contact between marmosets and observers was high, whereas hand-held marmosets often avoid eye contact with their captor (see photograph in Sainsbury et al. 1990 ). Although most marmosets seemed curious and interested in the observers, 'slit-eye stares' and 'genital presents' were common. This suggests a mildly aggressive or provocative interaction between the marmosets and the observers (Stevenson & Poole 1976) rather than a level of fear which necessitated immediate retreat. To test this hypothesis, another set of readings was taken for the four-module cages with the observers sitting on the floor. When standing the observer's face was level with the middle of the upper portion of the cage while when sitting the observer's face was level with the middle of the lower portion of the cage. To have remained clearly above the observers, the animals would have needed to stay in the upper portion of the cage. The mean upper portion occupancy was 52.9% (±4.9 SEMI.
This was a significant reduction from readings taken when standing up (matched pairs t-test, t = 3.2407, 5 df, P < 0.05) and was not significantly different from chance (one sample t-test compared to 50%, t = 0.5898, 5 df, not significant). This indicates that the preference for the upper portion was abolished when the observer's face was not on a level with the upper portion. It does not support the supposition either that well habituated marmosets run away from humans, or that they do so by climbing upwards.
Conclusion
These results demonstrate that a protruding portion of a cage (a veranda) is a much preferred part of the cage for marmosets. Despite Ely et al. being only "-'1-2% of the total volume, >10% of cage occupancy occurred in the veranda. This preference existed despite the verandas having been in position for many months. Thus interest in the veranda was not due to novelty and did not habituate with time. The reasons for this preference seemed to be greater visual contact with other marmosets housed on the same side of the room, opportunities to interact with people, and possibly a preference for sitting on an 'overhang'. Although there was a preference for occupancy of the upper portion of the cage under most circumstances, this preference was lost if the observer sat on the floor. This, together with the fact that the most popular portion of the cage space (the veranda) was nearest to the observer's face, suggests that the marmosets were approaching people in the room for social interaction rather than avoiding them. We did not wholly confirm the suggestion of Poole (1990) that 'all monkeys prefer to look down on potential ground predators, of which we humans are one'. The presence of people in a marmoset-breeding colony seems to be stimulating and environmentally enriching for the animals, provided that the people do not behave vigorously or noisily.
In this experiment we did not attempt to correlate cage occupancy with status/hierarchy or gender of individual animals. This would require a different and much more complex method of data analysis since it would require the position of each animal rather than the number of animals in each cage module to be monitored at frequent intervals. Nonetheless, the reliability of observations across cages in this study suggests that such an analysis could be used in further experiments to determine how animals of different status use the cage space.
Several studies have been made of the effect of cage size on behaviour and wellbeing in Old World monkeys (e.g. Crockett et al. 1993 but fewer studies have been made on New World monkeys whose normal habitat and behavioural repertoire are very different from Old World monkeys and which therefore benefit from different types of caging. Kitchen and Martin (1996) looked at the cage size, cage complexity and the amount of time spent in the upper part of the cage by marmosets. They found that doubling the height of the cage from 82 cm to 195cm decreased the amount of time spent on the floor of the cage but did not affect the proportion of time spent in the lower part of the cage. When the cages were made more complex, by the addition of more branches and perches, there was a significant increase in the time spent in the lower half of the cage and on the cage floor. This suggests that one reason for not visiting the lower part of the cage is the difficulty of climbing up again if insufficient branches are provided. This demonstrates the point made by Poole (1990) that space is only valuable if it is usable by the marmosets.
We prefer to keep breeding families and experimental marmosets in the same room in our colony. In this situation marmosets are not moved to a wholly novel environment prior to their participation in behavioural experiments. Primates are particularly sensitive to the stressful effect of changing environments (Harlow 1958 , Heath & Libretto 1993 . Marmosets which are participating in behavioural or cognitive experiments may be removed daily to a test room, or they may be observed and tested in their home cage. This necessitates many visits from people during the day and we are of the view that, provided the people do not behave in a threatening or disruptive manner, then both the breeding and non-breeding marmosets find this a source of entertainment. Keeping breeding marmosets and nonbreeding marmosets in the same room means that, in fully stocked rooms, the number of breeding females is smaller than it would be in a room containing only breeding families and therefore the space between the breeding females is greater. Breeding females with unobstructed visual contact can, in our experience, sometimes be antagonistic. Keeping breeding marmosets and nonbreeding marmosets in the same room also 433 provides the non-breeding, experimental animals with a view of a greater number of normal marmoset behaviours than might be provided by other non-breeding animals.
